In order to examine whether or not high-ionization nuclear emission-line regions (HINERs) in narrowline regions of active galactic nuclei are dusty, we focus on two high-ionization forbidden emission lines, is consistent with the dust-free models while that is hard to be explained by the dusty models. This suggests that iron is not depleted at HINERs, which implies that the HINERs are not dusty. This results is consistent with the idea that the HINERs are located closer than the dust-sublimation radius (i.e., inner radius of dusty tori) and thus can be hidden by dusty tori when seen from a edge-on view toward the tori, which has been also suggested by the AGN-type dependence of the visibility of high-ionization emission lines.
INTRODUCTION
The narrow-line region (NLR) is one of the fundamental ingredients of active galactic nuclei (AGNs) such as Seyfert galaxies, and thus its physical and chemical properties have been studied intensively up to now (see Osterbrock & Mathews 1986 for a review). Since the presence of dust grains significantly affects emission-line spectra in several ways, it has been often discussed whether or not dust grains survive in the NLRs. The chemical composition of the gas phase is modified by the depletion of refractory elements into the grains. Electrons photoelectrically ejected from the grains heat the gas, while electron-grain collisions cool it. The dust opacity modifies the transfer of the ionizing continuum that irradiates gas clouds in NLRs. Therefore the knowledge of dust abundances is required to interpret observed emission-line spectra of NLRs (see, e.g., Ferguson et al. 1997a ).
There are some pieces of evidence that suggest the presence of dust grains in NLRs. Asymmetric narrow emissionline profiles may suggest the presence of dust grains in the gas (e.g., Heckman et al. 1981; De Robertis & Osterbrock 1984; Whittle 1985a Whittle , 1985b . In partially-ionized regions in NLRs the depletion of some refractory elements is suggested by the weakness of the [Ca ii] emission (e.g., Kingdon, Ferland, & Feibelman 1995; Ferguson et al. 1997a) and by comparing the intensity of near-infrared [Fe ii] emission lines with that of [O i] λ6300 (e.g., Mouri et al. 1989; Simpson et al. 1996; Alonso-Herrero et al. 1997; Mouri, Kawara, & Taniguchi 2000) and with that of [P ii]1.188µm (e.g., Oliva et al. 2001; Rodríguez-Ardila et al. 2002) . Some resonance lines have been observed to be very weak, which seems to be also due to line transfer effect within dusty gas (e.g., . These naturally lead to the following question; is the NLR ubiquitously dusty?
The innermost region of NLRs, which is irradiated by high photoionizing flux, is thought to be rather highvelocity, highly-ionized, dense gas clouds (e.g., De Robertis & Osterbrock 1986; Murayama & Taniguchi 1998a , 1998b Barth et al. 1999; Tran, Cohen, & Villar-Martin 2000; Nagao, Taniguchi, & Murayama 2000b; Nagao, Murayama, & Taniguchi 2001a , 2001b . Since the gas clouds in this region can radiate very high ionization emission lines such as [Ne v] , [Fe vii] , and [Fe x] (the so-called coronal lines), such regions are called "coronal line regions" or "high-ionization nuclear emission-line regions" (HINERs : Binette 1985; Murayama, Taniguchi, & Iwasawa 1998) . Nussbaumer & Osterbrock (1970) reported that the gas-phase abundance of iron that is estimated by using the emission-line flux ratio of [Fe vii]λ6087/[Ne v]λ3426 is close to the solar value. This means that the iron is not depleted significantly because of the absence of grains in HINERs. However, Ferguson, Korista, & Ferland (1997b) mentioned that the flux ratio of [Fe vii]λ6087/[Ne v]λ3426 depends on physical properties of gas clouds and thus it may be inappropriate to use this ratio as an indicator of the gas-phase iron abundance. They proposed alternative indicators of the gas-phase abundances of refractory elements by using some near-infrared high-ionization lines such as [Ca viii]2.32µm, and then suggested that the HINERs seem to be dust-free (see also Ferguson et al. 1997a) . Although their method is a robust one, it can be applied only to very few objects since the near-infrared high-ionization lines are hard to be measured. Indeed they applied their method only on the two Seyfert galaxies, NGC 1068 and the Circinus galaxy, and they concluded that the HINERs in the two Seyfert galaxies are dust free.
In order to investigate whether the HINERs contain dust grains for a large sample of AGNs, we focus on [Fe 1 vii]λ6087 and [Ne v]λ3426 again. These two forbidden emission lines are thought to arise at similar regions since their critical densities are similar (1.6 × 10 7 cm −3 and 3.6 × 10 7 cm −3 , respectively), and the ionization potentials of Fe 6+ and Ne 4+ are also nearly the same (97.1 eV and 99.1 eV, respectively). In addition to this advantage, it should be also an great advantage that these two emission lines are enough strong to be measured easily. Therefore, they are useful to examine the dust abundances in the HINERs if we know some possible dependences of their emissivities on physical properties, even though they might be inappropriate to determine exact gas-phase elemental abundances as noted by Ferguson et al. (1997b) . In this paper, we investigate the dependences of the two high-ionization emission lines on physical properties based on photoionization model calculations. We then examine how these emission lines can give constraints on the issue whether or not the HINERs are dusty.
DATA OF EMISSION-LINE FLUX RATIOS
To study the properties of gas clouds in HINERs, we have compiled the data of emission-line flux ratios of [Fe vii] Nagao et al. (2001b) . The number of compiled objects is 58; 34 type 1 AGNs and 24 type 2 AGNs. Here we refer to Véron-Cetty & Véron (2001) for the AGN type of each object. Note that, in this paper, the objects classified as type 1.0, 1.2, and 1.5 AGN (including narrow-line Seyfert 1 galaxies) by Véron-Cetty & Véron (2001) are included in "type 1 AGN", and the objects classified as type 1.8, 1.9, and 2.0 AGN are included in "type 2 AGN". Since we do not impose any selection criteria upon our sample, this sample is neither an uniform nor complete one in any sense. However, this does not affect the following discussion significantly because we are not interested in statistical properties of NLR gas clouds. Namely, we focus on whether distribution of emission-line flux ratios is consistent with that expected for dust-free cases or dusty cases. The compiled emission-line flux ratios are given in Table 1 . We adopt an average value if an emission-line flux ratio for a certain object is given in more than one paper published previously. As for the data of the emission-line flux ratios, we do not make any reddening correction since it is often difficult to measure the fluxes of narrow components of Balmer lines for type 1 AGNs (see, e.g., Nagao et al. 2001b ). Effects of the dust extinction are discussed when necessary.
RESULTS
In Figure 1 iii]λ5007 and [Fe vii]λ6087/[O iii]λ5007, respectively. It is thus confirmed that the two emission-line flux ratios are significantly larger in the type 1 AGNs than in the type 2 AGNs. This result is consistent with the previous reports by Murayama & Taniguchi (1998a) , Nagao et al. (2000b) , and Nagao et al. (2001b) . They concluded that these differences in the emission-line flux ratios are due to the orientation effect; i.e., the HINER is located very close to the nucleus and thus can be hidden by dusty tori if it is observed from an edge-on view toward the tori.
Contrary to the above results, the difference in the flux ratio of [Fe vii]λ6087/[Ne v]λ3426 between the type 1 and type 2 AGNs is fairly small, as shown in Figure 2 . The average and the 1-σ standard deviation of this flux ratio are 0.523 ± 0.461 for the type 1 AGNs and 0.335 ± 0.315 for the type 2 ones. The average and the 1-σ standard deviation for the all sample (i.e., 58 AGNs) are 0.445 ± 0.415, and the median value is 0.309. Although the flux ratios of the type 2 AGNs seem to be somewhat smaller than the type 2 AGNs, the difference is not significant. The K-S statistical test results in the K-S probability of 1.1 × 10 −2 , which means that the inferred difference is marginal.
PHOTOIONIZATION MODEL CALCULATIONS
In order to examine whether or not the HINERs are dusty, we investigate how the emission-line flux ratio of [Fe vii]λ6087/[Ne v]λ3426 depends on some physical properties by performing calculations of photoionization models with and without dust grains. Our method and results of the photoionization model calculations are presented below.
Method
We carry out several photoionization model calculations by using the publicly available code Cloudy version 94.00 (Ferland 1997 (Ferland , 2000 . Here we assume uniform density gas clouds with a plane-parallel geometry. The parameters for the calculations are: (1) the spectral energy distribution (SED) of the input continuum radiation; (2) the hydrogen density of a cloud (n H ); (3) the ionization parameter (U ), i.e., the ratio of the ionizing photon density to the hydrogen density at the irradiated surface of a cloud; (4) the column density of a cloud (N H ); and (5) the elemental composition and the dust abundance of the gas.
We adopt the SED in the form of f ν ∝ ν α with α = 2.5 for λ > 10 µm, α = −1.5 between 10 µm and 50 keV, and α = −2.0 for hν > 50 keV, taking account of the SEDs actually observed in AGNs (e.g., Koski 1978; StorchiBergmann & Pastoriza 1989 , 1990 Kinney et al. 1991 ; see also Ho, Shields, & Filippenko 1993) . Since forbidden lines arise at gas clouds with a density near their critical densities most effectively, the gas density of the [Fe vii]λ6087 and the [Ne v]λ3426 emitting regions are expected to be a few ×10 7 cm −3 . We thus perform model runs with n H = 10 6.5 , 10 7.0 , and 10 7.5 cm −3 . As for the ionization parameter, we investigate models with U = 10 −2.5 , 10 −2.0 and 10 −1.5 , although the ionization parameter of HINERs is thought to be rather high, that is to say, U ∼ > 10 −2 (e.g., Murayama & Taniguchi 1998b; Nagao et al. 2001b) . Because the the column density of a cloud may be much different from object to object, we perform model runs in the range of 10 20.0 cm −2 ≤ N H ≤ 10 22.0 cm −2 . For the dust-free models, we set the gas-phase elemental abundances to be the solar ones, which are taken from Grevesse & Anders (1989) with extensions by Grevesse & Noels (1993) . The adopted gas-phase elemental abundances are: H: 1.00, He: 1.00×10 (Baldwin et al. 1991; see also Ferland 1997 ) are contained in a gas cloud. As a result of the metal depletion onto dust grains, the gas-phase elemental abundances are altered to: H: 1.00, He: 9.50×10 −2 , Li: 5. (Baldwin et al. 1991; Rubin et al. 1991; Rubin, Dufour, & Walter 1992a; Rubin et al. 1992b; Osterbrock, Tran, & Veulleux 1992) . Note that beryllium, fluorine, scandium and cobalt are not included in the calculations for the dusty models. See Ferland (1997) for details of the treatments of elemental abundances and dust grains.
Results of the Model Calculations
In Figure 3 , we show the dependences of the flux ratio of [Fe vii]λ6087/[Ne v]λ3426 on the hydrogen density, the column density and the ionization parameters of a cloud, and on the presence of dust grains, which are calculated by our photoionization models with and without dust grains. The most striking dependence is that on the presence of dust grains. The models without dust grains predict larger ratios of [Fe vii]λ6087/[Ne v]λ3426 than the models with dust grains by a factor of ∼10. This factor corresponds to the depletion factor of iron. This implies that the difference in the flux ratio between the models with and without grains is mainly due to the depletion of iron onto dust grains; i.e., the effects of grains on the thermal equilibrium and on the radiation transfer are negligibly small. Indeed the models without dust grains but with gas-phase elemental abundances of the dusty model predict nearly the same flux ratios as those of the dusty models. This also suggests that the iron depletion is the main reason of the difference in the flux ratio of [Fe vii]λ6087/[Ne v]λ3426 between the models with and without dust grains.
The remaining dependences of the flux ratio are not so large. As presented in Figure 3 , the flux ratio of [Fe vii]λ6087/[Ne v]λ3426 is almost independent of the hydrogen density in the range of 10 6.5 cm −3 ≤ 10 7.5 cm −3
while it depends on the hydrogen column density and the ionization parameter. Note that the models with U = 10 −2.5 are implausible for gas clouds in HINERs since those models predict significantly smaller ratios of is not so large, i.e., a factor of 2 -5. This is consistent with the remark by Ferguson et al. (1997b) and thus the exact determination of the gas-phase iron abundance seems to be difficult by simply using the flux ratio of Here we should recall that the models with U = 10 −2.5 are not taken into account since they are not plausible models for clouds in HINERs. Using this flux ratio, we discuss the dust abundances at HINERs in the next section. 08 for the dust-free models and the dusty models, respectively. Note that the observed Balmer decrements suggest the reddening amount of 0 mag ∼ < A V ∼ < 1 mag for type 1 AGNs (e.g., Cohen 1983; Murayama 1995; Rodríguez-Ardila, Pastoriza, & Donzelli 2000) . The range of the flux ratio predicted by the dust-free models is roughly consistent with the observed data while that predicted by the dusty models is far smaller than the observed data.
To explain the observed range of the flux ratio of [Fe vii]λ6087/[Ne v]λ3426 by the dusty models, dust extinction of 3 mag ∼ < A V ∼ < 10 mag is required. This required range of the dust extinction is far larger than that estimated from the observed Balmer decrements. This discrepancy may be more significant if the iron depletion factor is smaller than the value we adopt here (= 0.1). In cold ISM, the iron depletion factor reaches down to 0.01 (e.g., Jenkins, Savage, & Spitzer 1986; Cowie & Songaila 1986). Although this large discrepancy might be explained as functions of depth into the nebula for the dust-free models (lef t) and dusty models (right) with n H = 10 7.0 cm −3 and U = 10 −2.5 , 10 2.0 , and 10 −1.5 . These volume emissivities are normalized by the Hβ volume emissivity at the hydrogen fully ionized region, in which the Hβ volume emissivity does not vary significantly.
by introducing dust grains which are located in/around HINERs selectively, this idea has the following two serious problems. First, to assume the existence of additional dust grains in the inner part of NLRs may conflict with the idea that it is relatively difficult for the dust grains to survive under high photoionizing flux, although we cannot exclude the possibility that the grains could survive under the high flux for some situations. We should recall the histograms presented in Figure 1 , which suggest that the HINERs are located at the innermost region in NLRs. Second, the inferred amount of extinction, 3 mag ∼ < A V ∼ < 10 mag, corresponds to N H 0 ∼ (5 − 15) × 10 21 cm −2 . This is far larger than the column density toward the nuclei of type 1 AGNs, derived from X-ray spectral analysis (N H 0 ∼ < 10 21 cm −2 ; e.g., Reynolds 1997; Leighly 1999) . These considerations suggest that the observed data are hard to be explained by the dusty models even if very large amount of dust shielding only the HINERs selectively is introduced. Therefore, we conclude that the iron in the HINERs is not depleted onto dust grains significantly. This conclusion is consistent with the idea that HINERs are located at the innermost of NLRs and thus are hidden by dusty tori when seen from a edge-on view toward dusty tori, which is implied by the histograms presented in Figure 1 (see also Pier & Voit 1995; Murayama & Taniguchi 1998a , 1998b Barth et al. 1999; Tran et al. 2000; Nagao et al. 2000b Nagao et al. , 2001a Nagao et al. , 2001b . Considering that the HINERs are located closer than the dust-sublimation radius (i.e., inner radius of dusty tori), we can understand the absence of internal dust grains in HINERs and the AGN-type dependence of the visibility of high-ionization emission lines as presented in Figure 1 , simultaneously.
Finally, we mention the possible difference in the flux ratio of [Fe vii]λ6087/[Ne v]λ3426 between type 1 and type 2 AGNs. Although the difference is not significant as presented in Figure 2 , the difference in the extinctioncorrected flux ratio may be larger than that in the observed flux ratio since the dust extinction is larger on average in type 2 AGNs than type 1 AGNs (e.g., Dahari & De Robertis 1988) . This difference may suggest that iron in spatially extended HINERs is depleted onto dust grains. Such spatially extended HINERs have been predicted theoretically (e.g., Korista & Ferland 1989; Ferguson et al. 1997b ), emissivities of high-ionization emission lines at the extended HINERs are expected to be low. Indeed such extended HINERs are observationally detected only in few Seyfert galaxies (e.g., Golev et al. 1995; Murayama et al. 1998; Nagao et al. 2000a; Nelson et al. 2000; . Therefore, the effect of the presence of the spatially extended HINERs on the observed flux ratios of [Fe vii]λ6087/[Ne v]λ3426 seems to be low. However, as suggested by the histograms presented in Figure 1, Nussbaumer & Osterbrock (1970) and Ferguson et al. (1997b) . However, our finding is important because we have shown the absence of dust grains in HINERs for a large sample of AGNs, for the first time.
In order to examine this conclusion more directly, we should carry out spatially resolved imaging observation of the thermal emission of dust in NLRs of AGNs. By using ALMA (Atacama Large Millimeter/submillimeter Array), we can resolve structures in the 0.01 arcsec scale by submillimetric imaging observation. This corresponds to ∼0.02 pc for the Circinus galaxy (adopting the distance of 3.8 Mpc; Freeman et al. 1977) . Thanks to this ability of high spatial resolution, we will be able to investigate the distribution of dust in NLRs directly.
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